; n ϭ 10), whereas CNQX had little revealed that glutamate and GABA are the neurotranseffect (Figures 1C and 1D ; n ϭ 9). This is consistent with mitters mediating, respectively, the excitatory and inhibthe findings of Isaacson and Strowbridge (1998) and itory synapses of the reciprocal pair ( Figure 1A ., 1981) . After the discovery of the blocking form layer, the granule cell showed an EPSP with both APV and CNQX sensitivity ( Figure 1E ; n ϭ 9). This indi-
; n ϭ 10), whereas CNQX had little revealed that glutamate and GABA are the neurotranseffect (Figures 1C and 1D ; n ϭ 9). This is consistent with mitters mediating, respectively, the excitatory and inhibthe findings of Isaacson and Strowbridge (1998) and itory synapses of the reciprocal pair ( Figure 1A ). It is Schoppa et al. (1998), who used different stimulating assumed that lateral inhibition is mediated by spread protocols. To determine if APV has some unusual acand summation of excitatory postsynaptic potentials tions other than blocking NMDA receptors, we com-(EPSPs) in the granule cell dendritic tree to trigger GABA pared its effects on spike-evoked feedback IPSP and release by the classic voltage-gated Ca 2ϩ channels. spontaneous IPSPs; APV blocked the feedback IPSP However, little is known about the mechanism that links but not the spontaneous IPSPs (see arrows in Figure initial activation of the excitatory synapse to activation 1B). This implies that APV did not affect the inhibitory of the reciprocal synapse on the same spine, which granule-to-mitral cell synapse, but instead only acted leads to local feedback inhibition. A clue to this linkage on the excitatory mitral-to-granule cell synapse. To test came in two early studies in which activation of a mitral more directly for NMDA and non-NMDA components in cell by injected current produced feedback inhibition of the granule cell response, whole-cell recordings were that cell using Ringer solution with no Mg 2ϩ ions (Jahr made from granule cells. In response to mitral cell stimuand Nicoll, 1982), but not in 2 mM Mg 2ϩ Ringer solution lation by an electric shock delivered to the external plexi- . After the discovery of the blocking form layer, the granule cell showed an EPSP with both APV and CNQX sensitivity ( Figure 1E ; n ϭ 9). This indi- 2E ; n ϭ 8). Thus, Sassoe-Pognetto and O. P. Ottersen, 1999, Soc. Neurosci., abstract; but see Montague and Greer, 1999) . the uncaging-evoked feedback IPSP had the same properties as the spike-evoked feedback IPSP. This It has been hypothesized that the EPSP in the granule cell spine is sufficient, in the absence of action potenidentity suggests that the underlying mechanisms might be the same. tials, to trigger the reciprocal inhibitory synapse (Rall and Shepherd, 1968) Figure 3B . results suggest that the main source of Ca 2ϩ in triggering GABA release for local feedback inhibition is through the However, when the same UV pulse was immediately followed by the same granule cell stimuli, a feedback NMDA receptors; by contrast, GABA release mediating lateral inhibition is presumed to be mediated by voltage-IPSP sensitive to bicuculline was observed ( Figure 5A , third trace; n ϭ 4). These results indicate that at normal gated Ca 2ϩ channels, as with GABA release triggered by action potentials generated in the granule cell itself Mg 2ϩ concentration, coactivation of the mitral and granule cell dendrites can relieve the Mg 2ϩ blockade of (as shown in Figure 3B ). NMDA receptors and provide a direct Ca 2ϩ source for triggering GABA release. The feedback IPSP was found NMDA Dominance and Its Underlying Mechanisms to depend critically on the relative timing between the In retrospect, a critical role for NMDA receptors at olfac-UV pulse and the granule cell stimuli. When the UV pulse tory reciprocal synapses has been implicated in early was delivered 10 ms after the granule cell stimuli, the recordings of very slow IPSPs in turtle mitral cells perfeedback IPSP was no longer observed ( Figure 5A , botfused with a 0 Mg 2ϩ solution (Jahr and Nicoll, 1982) . tom trace; n ϭ 4).
Given that both NMDA and non-NMDA receptors are present on the granule cell spines, it is intriguing why only NMDA receptors contribute to GABA release. One Discussion hypothesis is that GABA release requires action potential firing in granule cells. This is supported by Schoppa Our results indicate a novel model for presynaptic transmitter release at the olfactory dendrodendritic reciprocal et al.'s finding (1998) that granule cell firing in response to mitral cell excitatory inputs is dependent on the NMDA synapses ( Figure 5B ). In this model, glutamate released from the mitral cell dendrites acts both on NMDA and receptor-mediated EPSP. This could provide an explanation for the NMDA dominance in triggering GABA renon-NMDA receptors on the granule cell spines. Opening of the NMDA receptors provides a direct Ca 2ϩ route lease. However, early observations (Shepherd, 1963) indicated that granule cell firing onset tends to occur later for triggering GABA release to complete the feedback 
